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(57) ABSTRACT

A process for manufacturing a lot of tires including: select-
ing a first operating radial position; setting a positioning
device to the first operating radial position; setting a turning
up device to the first operating radial position; positioning a
first annular anchoring structure on an edge of a first carcass
ply; turning up the edge of the first carcass ply around the
first annular anchoring structure; pulling down the edge of
the first carcass ply toward the longitudinal axis of a first
forming support; replacing the first forming support with a
second forming support; selecting a second operating radial
position; setting the positioning device to the second oper-
ating radial position; setting the turning up device to the
second operating radial position; positioning a second annu-
lar anchoring structure on an edge of the second carcass ply;
and turning up the edge of the second carcass ply around the
second annular anchoring structure.
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PROCESS FOR MANUFACTURING TYRES
FOR VEHICLE WHEELS

CROSS REFERENCE TO RELATED
APPLICATION

This 1s a continuation of U.S. patent application Ser. No.
13/055,114, filed Apr. 13, 2011, which 1s a national stage
entry under 35 U.S.C. § 371 of international Application No.
PCT/IB2008/001933, filed Jul. 23, 2008. All of the afore-

mentioned applications are incorporated herein by reference
in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mvention relates to an apparatus for manu-
facturing tyres for vehicle wheels.

The 1mvention also relates to a process for manufacturing,
a lot of tyres for vehicle wheels comprising at least two tyres
of diferent radial dimensions.

Description of the Related Art

A tyre for vehicle wheel generally comprises a carcass
structure comprising at least one carcass ply formed by
reinforcing cords embedded 1n an elastomeric matrix. The
carcass ply has end edges respectively engaged with annular
anchoring structures. The latter are arranged in the tyre
zones usually identified with the name of “beads” and
normally consist each of an annular substantially circum-
terential insert on which at least one filling insert 1s applied,
in a radially outer position thereof. Such annular anchoring
structures are commonly 1dentified as “bead cores™ and have
the task of keeping the tyre well fixed to the anchoring seat
specifically provided in the wheel rim, thus preventing, in
operation, the radially inner edge (also referred to an an “end
edge” herein) of the tyre coining out from such seat.

At the beads specific reinforcing structures may be pro-
vided having the function of improving the torque transmis-
sion to the tyre.

In a radhally outer position with respect to the carcass ply,
a belt structure comprising one or more belt layers is
associated, said belt layers being arranged radially one of top
of the other and having textile or metal reinforcing cords
with crossed orientation and/or substantially parallel to the
direction of circumierential extension of the tyre.

Between the carcass structure and the belt structure a
layer of elastomeric material, known as “under-belt”, can be
provided, said layer having the function of making the
radially outer surface of the carcass structure as uniform as
possible for the subsequent application of the belt structure.

In a radially outer position with respect to the belt
structure a tread band 1s applied, made from elastomeric
material as well.

Between the tread band and the belt structure a so-called
“under-layer” of elastomeric material can be arranged, said
layer having properties suitable to ensure a steady union of
the tread band 1tself.

On the side surfaces of the carcass structure respective
sidewalls of elastomeric material are also applied, each one
extending from one of the side edges of the tread band up to
the respective annular anchoring structure to the beads.

SUMMARY OF THE INVENTION

An apparatus for manufacturing the aforementioned car-
cass structure typically comprises a forming support extend-
ing along a longitudinal axis, wherein the above carcass ply
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1s laid on a device for positioning the bead core on the end
edge of the carcass ply and a device for turning up the end
edge of the carcass ply about the bead core.

The device for positioning the bead core essentially
comprises a ring structure axially movable towards the
forming support for positioning the bead core on the end
edge of the carcass ply and away from the forming support
for allowing the execution of the subsequent steps of the tyre
bead forming process.

WO 2008/001154 to the same Applicant shows an appa-
ratus wherein the device for turning up the end edge of the
carcass ply about the bead core essentially comprises an
annularly continuous pressure element axially movable
toward/away to/from the forming support. Such pressure
clement comprises a plurality of arms, each one carrying a
respective turning up roller at a free end thereol. The turning
up rollers are arranged one next to the other 1 a circum-
ferential direction and coaxially with respect to the longi-
tudinal axis of the forming support. The rollers are radially
movable 1n a synchronous manner, thus obtaining the radial
expansion/contraction of the above pressure eclement
between a contracted position and an expanded position. The
combination of the radial movement of the turning up rollers
and of the movement of such rollers toward/away to/from
the forming support, allows turning up the end edge of the
carcass ply around the bead core for making the tyre bead.
The turning up device 1s further provided with means for
adjusting the contracted position of the pressure element
based on the radial dimension of the tyre to be made.

The Applicant has noted that a turning up device of the
type schematically described above may be used for carry-
ing out the step of turning up the end edge of the carcass ply
in the manufacturing of tyres having diflerent radial dimen-
S101S.

However, the Applicant has noted that with a device of the
type described above 1t 1s possible to carry out the afore-
mentioned turning up step for tyres having at most two or
three different and adjacent fittings; in other words, the
device described above allows carrying out the turning up
step for a number of tyres having radial dimensions that
differ by two or three inches only.

The Applicant has further noted that even using an
apparatus of the type described in WO 2008/001154, the
manufacturing of tyres of different radial dimensions would
nevertheless continue to require the use of a bead core
positioning device specifically designed based on the spe-
cific radial dimension of the tyre to be manufactured. The
Applicant has further found that, if a step of pulling down
the end edge of the carcass ply prior to the positioning of the
bead core 1s provided and/or 1t a step of pulling down the
filling 1nsert of the bead core prior to the turning up of the
end edge of the carcass ply about the bead core 1s provided,
the manufacturing of tyres of different radial dimensions
would require the use of respective devices specifically
designed based on the specific radial dimension of the tyre
to be manufactured.

The Applicant has now found that 1t 1s possible to manu-
facture tyres of diflerent radial dimensions using always the
same apparatus, making all the devices that are involved 1n
the execution of the various manufacturing steps of the
carcass structure, and thus at least the device for positioning
the bead cores and the device for turning up the end edge of
the carcass ply, radially expandable/contractible with respect
to the longitudinal axis of the forming support of the
apparatus.

The Applicant has further found that, 1f a step of pulling
down the end edge of the carcass ply prior to the positioning




US 10,589,482 B2

3

ol the bead core 1s provided and/or 1t a step of pulling down
the filling 1nsert of the bead core prior to the turning up of
the end edge of the carcass ply about the bead core 1s
provided, 1t 1s possible to make radially expandable/con-
tractible with respect to the longitudinal axis of the forming
support of the apparatus also the devices intended to carry
out the above steps, thus also in these cases being able to
manufacturing tyres of diflerent radial dimensions with a
same apparatus.

The Applicant has thus found that providing an apparatus
for manufacturing tyres wherein the bead core positioning
device and the device for turning up the end edge of the
carcass ply and, 11 provided, also the device for pulling down
the end edge of the carcass ply and the device for pulling
down the filling insert of the bead core, are expandable/
contractible 1n radial direction it 1s possible to set such
devices, and thus the apparatus composed thereby, 1 a
plurality of different operating radial positions, each oper-
ating radial position being selected based on the radial
dimension of the tyre to be manufactured.

Throughout the present description and following claims,
the terms “radial” and “axial” and the expressions “radially
inner/outer” and “axially mner/outer” are used with refer-
ence to the radial direction and to the axial direction of the
forming support. The terms “circumierential” and “circum-
terentially” 1nstead, are used referring to the annular exten-
sion of the forming support.

In a first aspect thereof, the present invention therefore
relates to an apparatus for manufacturing tyres for vehicle
wheels, the tyres comprising a carcass structure formed
starting from at least one carcass ply laid on a forming
support extended along a longitudinal axis, the apparatus
comprising;

at least one device for positioning at least one annular

anchoring structure on at least one end edge of said at
least one carcass ply, the positioning device being
circumierentially extended around the longitudinal axis
of the forming support and axially movable with
respect to the forming support between an operating
position distal from the forming support and at least
one operating position close to the forming support;
at least one device for turning up the end edge of the
carcass ply around the annular anchoring structure, the
turning up device being circumierentially extended
about the longitudinal axis of the forming support and
axially movable for approaching/moving away to/from
the forming support;
wherein the positioning device and the turning up device are
radially expandable/contractible 1n a synchronous manner
with respect to the longitudinal axis of the forming support
and are settable 1n a plurality of different operating radial
positions, each operating radial position being selected
based on a respective radial dimension of the tyre to be
manufactured.

Throughout the present description and in the following
claims, the expression: radial dimension of the tyre, indi-
cates the nominal fitting diameter of the nm whereon the
tyre 1s intended to be fitted, such diameter generally being
indicated 1n inches.

In the present description and following claims, the
expression “annular anchoring structure™ and the term “bead
core’” shall often be used without distinction to indicate the
same component of the tyre.

Advantageously, an apparatus of the type described above
may be used for manufacturing tyres having diflerent radial
dimensions; in fact, such apparatus is settable 1n a plurality
of different operating configurations, each operating con-
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figuration being defined by a respective radial position of the
devices for positioming the bead core and for turning up the
end edge of the carcass ply, such radial position being
properly selected based on the specific radial dimension of
the tyre to be manufactured.

Advantageously, the apparatus setup time and costs are
thus drastically reduced when passing from the manufactur-
ing of a tyre having a certain radial dimension to the
manufacturing of a tyre having a diferent radial dimension.

Moreover, advantageously, the apparatus of the present
invention allows manufacturing tyres with at least four
different and adjacent fittings.

The apparatus of the present imvention can comprise,
individually or in a combination, at least one of the follow-
ing preferred features.

Preferably, the device for positioning the annular anchor-
ing structure comprises a plurality of positioning members
arranged adjacent to one another along a circumierential
direction and coaxially to the longitudinal axis of the form-
ing support, said positioning members being radially mov-
able 1n a synchronous manner with respect to the longitu-
dinal axis of the forming support between a maximum
contraction position and a maximum expansion position.

Advantageously, the synchronous movement 1n the radial
direction of the aforementioned positioning members causes
the radial expansion/contraction of the positioning device of
the annular anchoring structure and allows setting up the
aforementioned device to the radial position defined in the
design stage based on the radial dimension of the tyre to be
manufactured.

Preferably, the apparatus of the present mvention com-
prises a device for controlling the radial movement of said
positioning members, such control device comprising a
sliding guide with a spiral shape whose rotation around the
longitudinal axis of the forming support can be controlled
and a plurality of sliding runners extending radially with
respect to said longitudinal axis, each of said positioning
members being slidingly coupled to a respective sliding
runner and to said sliding guide with a spiral shape so that
a predetermined angular movement of the guide with a spiral
shape causes a predetermined radial movement of each
positioning member.

Advantageously, the setup of the device for positioning
the annular anchoring structure to the desired radial position
1s achieved by simply rotating the aforementioned sliding
guide with a spiral shape by a predetermined angle. Such
rotation in fact causes a predetermined radial movement of
the positioning members.

Preferably, the device for turning up the end edge of the
carcass ply comprises a plurality of turning up members
arranged adjacent to one another along a circumierential
direction and coaxially to the longitudinal axis of the form-
ing support, said turning up members being radially mov-
able 1n a synchronous manner with respect to the longitu-
dinal axis of the forming support between a maximum
contraction position and a maximum expansion position.

Advantageously, the synchronous movement in the radial
direction of the above positioning members carries out the
radial expansion/contraction of the device for turning up the
end edge of the carcass ply and allows setting up the above
device to the radial position defined 1n the design stage based
on the radial dimension of the tyre to be manufactured.

Preferably, the apparatus of the present mvention com-
prises a device for controlling the radial movement of said
turning up members, such control device comprising a
sliding guide with a spiral shape whose rotation around the
longitudinal axis of the forming support can be controlled
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and a plurality of sliding runners extending radially with
respect to said longitudinal axis, each of said turning up
members being slidingly coupled to a respective sliding
runner and to said sliding guide with a spiral shape so that
a predetermined angular movement of the guide with spiral
movement causes a predetermined radial movement of each
turning up member.

Advantageously, the setup of the device for turming up the
end edge of the carcass ply to the desired radial position 1s
achieved by simply rotating the above sliding guide with a
spiral shape by a predetermined angle. Such rotation 1n fact
causes a predetermined radial movement of the turming up
members.

Preferably, each turning up member comprises a roller
associated to a free end of a respective arm, each roller being
coupled to the circumierentially consecutive roller by a
compression spring.

Advantageously, the above springs ensure the structural
continuity in the circumierential direction of the device for
turning up the end edge of the carcass ply. Such springs
turther ensure the desired concentricity of the assembly
consisting of the above turning up members with respect to
axis X-X of the forming support upon the variation of the
radial position of the rollers during the turning up of the end
edge of the carcass ply and the setup of the device for
manufacturing tyres having diflerent radial dimensions.

Preferably, the device for positioning the annular anchor-
ing structure and the device for turning up the end edge of
the carcass ply are slidingly mounted on at least one shiding
track extended along a direction parallel to the longitudinal
axis of the forming support, the turning up device being
associated to said at least one sliding track 1n an axially outer
position to the positioning device with respect to the forming,
support and wherein the arms of the turning up members are
axially sliding 1n radially inner position with respect to the
positioning members.

Advantageously, a configuration of the type described
above allows containing the radial and axial dimension of
the apparatus, with evident advantages in terms of space
economy.

In a preferred embodiment thereof, the apparatus of the
present invention further comprises at least one device for
pulling down the end edge of the carcass ply towards the
longitudinal axis of the forming support, such pulling down
device being circumierentially extended around the longi-
tudinal axis of the forming support and axially movable
between an operating position distal from the forming
support and an operating position proximal to the forming
support, the aforementioned pulling down device being
radially expandable/contractible with respect to the longitu-
dinal axis of the forming support synchronously to the
positioning device and to the turning up device, the afore-
mentioned pulling down device being further settable in a
plurality of different operating radial positions, each oper-
ating radial position being selected based on a respective
radial dimension of the tyre to be manufactured.

Advantageously, such device can be used for manufac-
turing tyres of different radial dimensions.

Preferably, the radial expansion/contraction of the device
tor pulling down the end edge of the carcass ply 1s actuated
by the radial expansion/contraction of the positioming
device.

In a preferred embodiment thereof, the above pulling
down device comprises a plurality of ply pulling down
members arranged adjacent to one another along a circum-
terential direction and coaxially to the longitudinal axis of
the forming support, said ply pulling down members com-

10

15

20

25

30

35

40

45

50

55

60

65

6

prising respective arms radially movable with respect to the
longitudinal axis of the forming support between a maxi-

mum conftraction position and a maximum €xpansion posi-
tion. Advantageously, the synchronous movement in the
radial direction of the arms of the aforementioned ply
pulling down members causes the radial expansion/contrac-
tion of the device for turning up the end edge of the carcass
ply and allows setting up the above device to the radial
position defined i1n the design stage based on the radial
dimension of the tyre to be manufactured.

Preferably, each of the aforementioned ply pulling down
members comprises at least two longitudinal finger plates
arranged side by side and partially overlapped 1n a circum-
ferential direction. More preferably, also the circumieren-
tially adjacent finger plates of two circumierentially con-
secutive ply pulling down members are partially overlapped
in the circumierential direction. Advantageously, the partial
overlapping of the finger plates allows an even and eflective
turning up of the end edge of the carcass ply 1rrespective of
the radial position of the pulling down members, and thus
irrespective of the radial dimension of the tyre to be manu-
factured. Preferably, the device for positioning the annular
anchoring structure 1s axially slidable 1n a radially outer
position with respect to said finger plate and, for a prede-
termined radial position of the device for positioning the
annular anchoring structure and the device for pulling down
the end edge of the carcass ply, the finger plates are retained
by the above positioning device 1n a radially contracted
configuration when such positioning device 1s radially over-
lapped to the finger plates, the finger plates taking up a
radially expanded configuration when such positioning
device 1s axially moved with respect to the device for pulling
down the end edge of the carcass ply so as not to be radially
overlapped to the finger plates.

Advantageously, i the passage from the radially
expanded configuration to the radially contracted configu-
ration, the finger plates causes the pulling down of the end
edge of the carcass ply. More advantageously, for a prede-
termined radial position of the device for positioning the
annular anchoring structure and the device for pulling down
the end edge of the carcass ply, the radial expansion of the
finger plates 1s actuated by the axial movement of the above
pulling down device with respect to the device for position-
ing the annular anchoring structure, while the radial con-
traction of the finger plates 1s actuated by the axial move-
ment of the device for positioning the annular anchoring
structure with respect to the device for pulling down the end
edge of the carcass ply. An advantageous process economy
1s thus obtained.

The annular anchoring structure preferably comprises at
least one substantially circumierential annular insert and at
least one filling 1nsert associated 1n a radially outer position
with respect to the substantially circumierential annular
insert, and 1n a preferred embodiment thereot, the apparatus
of the present invention comprises at least one device for
pulling down the filling msert end edge of the carcass ply.
Preferably, the device for pulling down the filling insert
comprises a plurality of filling 1nsert pulling down members,
cach of such members being supported by a respective
positioning member and being axially slidable with respect
to said positioning member.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention
will appear more clearly from the following detailed
description of some preferred embodiments of an apparatus
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and process according to the present invention, made with
reference to the annexed drawings. In such drawings:

FIG. 1 1s a schematic side view of a portion of an
apparatus for manufacturing tyres for vehicle wheels accord-
ing to the present invention;

FIG. 2 1s an enlarged schematic side view of a portion of
a bead core positioning device and of a ply pulling down
device of the apparatus of FIG. 1;

FIG. 3 1s a schematic perspective view of a portion of the
ply pulling down device of the apparatus of FIG. 1;

FIG. 4 1s a schematic front view of an element of the
portion of FIG. 3;

FIG. 5 1s an enlarged schematic side view of a portion of
a turming up device of the apparatus of FIG. 1;

FIG. 6 1s a schematic front view of a portion of the device
of FIG. §;

FIG. 7 1s a schematic front view of a portion of the bead

core positioning device of FIG. 2 and of the turning up
device of FIG. 5.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In FIG. 1, reference numeral 100 globally indicates a
portion of an exemplifying embodiment of an apparatus
usable in a process for manufacturing a tyre for vehicle
wheels, according to a preferred embodiment of the present
invention.

In particular, apparatus 100 1s used 1n a step of building
a carcass structure of the tyre for providing one or more-
annular anchoring structures 10 (hereinafter also called bead
cores and better shown in FIG. 2) at that region of the
carcass structure that will make the tyre bead. Such annular
anchoring structures 10 are intended for keeping the tyre
well fixed to the anchoring seat specifically provided 1n the
vehicle tyre rim.

The building of the carcass structure of the tyre comprises
the mnitial step of arranging a carcass ply 2 on a substantially
cylindrical forming support 50 so that the opposite end
edges 2a of the carcass ply project cantilevered from the
forming support 50. Subsequently, each annular anchoring
structure 10 1s associated to each of the opposite end edges
2a of the carcass ply 2.

In the embodiment illustrated in the annexed figures, each
annular anchoring structure 10 1s associated to each end
edge 2a of the carcass ply 2 at a respective side shoulder 51
of the forming support 50.

For simplicity of description, the description of apparatus
100 and of the process carried out thereby shall be made
hereinafter with reference to only one of the opposite end
edges 2a of the carcass ply 2 and to a side shoulder 51 of the
forming support 50 (thus, with reference to only one of the
opposite tyre beads). In fact, apparatus 100 1s symmetrical 1n
axial direction and the description made with reference to
one end edge 2a and to one side 51 of the forming support
50 also applies with reference to the axially opposite end
edge and side of the forming support 50.

The forming support 50 1s rotatably mounted about an
axis of rotation X-X in a totally conventional manner. The
structure of the forming support 50 1s not described 1n detail
herein since 1t can be made 1n any convenient manner by a
man skilled 1n the art. Likewise, the members for supporting,
and moving the forming support 30 shall not be described as
they are totally conventional.

As 1llustrated 1n FI1G. 2, the annular reinforcing structure
10 comprises at least one substantially circumferential annu-
lar msert 11 and at least one filling mnsert 12 applied 1n
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radially outer position thereof. Apparatus 100 comprises a
support frame 101 provided with support feet 102. Opposite
first pairs of axial sliding tracks 103a (only one track 103a

being visible 1n FIG. 1) and opposite second pairs of tracks
10356 (only one track 1035 being visible in FIG. 1) parallel
to tracks 103a are mounted on a base 101a of the support
frame 101.

Apparatus 100 further comprises, at each of the axial ends
thereof, a side upright 104 on which three longitudinal
screws 105 are mounted arranged at 120° with respect to
cach other (only two of such screws being visible in FIG. 1).

Apparatus 100 comprises a device 110 slidable along a
direction x parallel to the axis of rotation X-X of the forming
support 50, and thus in the two opposite ways of the
direction indicated in FIGS. 1 and 2 by arrow F, between a
distal position with respect to the forming support 50 and a
position close to the forming support 50, so as to approach,
or move away from, the forming support 50.

Device 110 1s intended for supporting the annular anchor-
ing structure 10 and bringing 1t 1n contact with the end edge
2a of the carcass ply 2. In particular, device 110 acts on the
substantially circumiferential annular isert 11 of the annular
anchoring structure 10 by supporting and pushing 1t against
shoulder 51 of the forming support 50. The annular anchor-
ing structure 10 1s thus positioned at the desired position on
the end edge 2a of the carcass ply 2. Hereinafter in the
present description, device 110 shall also be defined as “bead
core positioning device”. Device 110 comprises an annular
clement 115 mounted, by respective runners 116, to the
sliding tracks 103a.

In an alternative embodiment of apparatus 100 (not
shown), mstead of tracks 103a and of runners 116, longi-
tudinal guides extending from the side upright 104 parallel
to the longitudinal screws 105 may be provided for allowing
the axial sliding of device 110. Preferably, three longitudinal
guides are provided in this case, arranged at 120° with
respect to each other, and thus one at each longitudinal screw
105. The annular element 115 1n this case 1s shidingly
coupled to the alorementioned longitudinal guides by
respective sliding bushes.

A plurality of bead core positioning members 118 are
mounted on the annular element 115 (one of these 1s shown
in detail 1n FIG. 2), the positioning members 118 being
arranged adjacent to each other in a circumierential direction
and coaxially to axis X-X of the forming support 50. Each
bead core positioning member 118 comprises a support
portion 111 of the annular anchoring structure 10, a portion
112 for pushing the annular anchoring structure 10, arranged
in a radially outer position to the support portion 111 and an
arm 112a integral with respect to the thrust portion 112 and
intended for allowing the coupling of the positioning mem-
ber 118 to the annular element 115.

Preferably, the bead core positioning members are at least
eight. More preferably, such members are sixteen or twenty-
four.

Arms 112a are radially and synchronously movable with
respect to axis X-X of the forming support 50, and thus in
the two opposite ways of the direction indicated 1n FIGS. 1
and 2 by arrow R.

The radial synchronous movement of arms 112a allows
the radial synchronous movement of the positioning mem-
bers 118 and thus the radial expansion/contraction of the
bead core positiomng device 110 between a maximum
contraction position and a maximum expansion position.
Device 110 can thus take on a plurality of different operating
setup configurations according to the radial dimension of the




US 10,589,482 B2

9

tyre to be manufactured, each of such configurations being
defined by a corresponding radial operating position of the
positioning members 118.

Details on the way the radial movement of arms 1124, and
thus the radial expansion/contraction of the bead core posi-
tioming device 110 1s obtained, shall be given hereinafter in
the present description.

Apparatus 100 further comprises a device 120 for pulling
down the end edge 2a of the carcass ply 2 towards the axis
X-X of the forming support 30. Such pulling down 1s
required, i the embodiment shown in the annexed draw-
ings, for allowing the bead core positioning device 110 to
approach the forming support 50 for positioning the annular
anchoring structure 10 at the desired position on the end
edge 2a of the carcass ply 2. Hereinafter in the present
description, device 120 shall also be defined as “ply pulling
down device”.

As shown 1n FIGS. 1 and 2, device 120 1s slidable parallel

to axis X-X with respect to the bead core positioming device
110 m the two opposite ways of the direction indicated by
arrow Q.

Device 120 comprises an annular element 1235 slidingly
mounted, by respective runners 126 (FIG. 1), to the sliding
tracks 1035 mounted on the base 101. If longitudinal guides
parallel to longitudinal screws 105 are provided for the axial
sliding of the bead core positioning device 110, also tracks
1035 and runners 126 (as well as tracks 103a and runners
116) may be omitted and the annular element 125 may be
slidingly coupled to the above longitudinal guides by respec-
tive sliding bushes.

The annular element 125 1s further coupled, by respective
lead nuts 127, to the longitudinal screws 105. Lead nuts 127,
once actuated 1n rotation, allow the sliding of the annular
clement 125 along a direction x parallel to the axis X-X of
the forming support 50.

The annular element 125 1s arranged 1n an axially external
position to the annular element 115 of the bead core posi-
tioming device 110 with respect to the forming support 50.
Between the annular element 125 and the annular element
115 a pair of pneumatic cylinders 117a, 1175 intended for
controlling the relative axial sliding of the annular element
115 with respect to the annular element 125 are provided.

A plurality of ply pulling down members 128 are mounted
on the annular element 125 (one of these 1s shown 1n detail
in FIG. 2), the pulling down members 128 being arranged
adjacent to each other 1 a circumierential direction and
coaxially to the axis X-X of the forming support 50. Such
ply pulling down members 128 comprise respective arms
128a radially and synchronously movable with respect to the
axis X-X of the forming support 50, and thus in the two
opposite ways of the direction indicated 1n FIGS. 1 and 2 by
arrow R'.

The radial synchronous movement of arms 128a allows
the radial synchronous movement of the ply pulling down
members 128 and thus the radial expansion/contraction of
the ply pulling down device 120 between a maximum
contraction position and a maximum expansion position.
Device 120 can thus take on a plurality of different operating
setup configurations according to the radial dimension of the
tyre to be manufactured, each of such configurations being,
defined by a corresponding radial operating position of the
ply pulling down members 128.

As 1llustrated 1n FIGS. 2-4, each ply pulling down mem-
ber 128 comprises, at a radially inner portion 12856 of arms
128a, a pair of holes 129. Holes 129 house respective sliding
guides 119 extending parallel to the axis X-X of the forming

10

15

20

25

30

35

40

45

50

55

60

65

10

support 50 and integral to the thrust member 112 of a
respective bead core positioning member 118 (FIG. 2).
Each ply pulling down member 128 therefore 1s slidable
on the sliding guides 119 with respect to the bead core
positioning member 118 and i1s radially supported by the
respective bead core positioning member 118 to which 1t 1s
associated, so that the radial movement of arm 1284 of each
ply pulling down member 128 1s actuated by the radial
movement of arm 112a of the respective bead core posi-

tioning member 118.

A central hole 129a 1s provided between holes 129, the
central hole 129a being suitable for housing a sliding guide
(not visible in FIG. 2) extending parallel to axis X-X of the
forming support 50 between the sliding gmdes 119 and
integral to the support member 111 of a respective bead core
positioning member 118, so as to allow, 1f desired, the
relative axial sliding of the support portion 111 with respect
to the thrust portion 112. Preferably, a compression spring
(not shown 1n FIG. 2) 1s active between the head 119q of the
sliding guide 119 and the radially mner portion 12856 of arm
128a which 1n rest configuration, keeps the support portion
111 in the position shown 1n FIG. 2.

As 1llustrated 1 FIGS. 3 and 4, each ply pulling down
member 128 comprises a plurality of finger plates 121 (three
in the annexed figures, respectively indicated with 121a,
1215 and 121¢), extending longitudinally at a radially inner
surface of the radially inner portion 12856 of arms 128a and
partially overlapped 1n a circumierential direction. In par-
ticular, finger plate 121¢ of a ply pulling down member 128
1s partially overlapped to finger plate 121a of the same
member, whereas the central finger plate 1215 of such
member 1s partially overlapped to the atorementioned finger
plates 121a and 121¢. In order to do so, finger plate 121qa has
an inclination angle ex greater than the inclination angle f3
of finger plate 121¢, so as to facilitate the overlapping of
finger plate 121¢ on finger plate 121a (FIG. 4).

FIG. 3 also shows how the circumierentially outer finger
plates 121 of two circumierentially consecutive ply pulling
down members 128 are arranged 1n such a way as to also be
partially overlapped in the circumierential direction. In
particular, finger plate 121¢ of a ply pulling down member
128 1s partially overlapped to finger plate 121a of the
circumierentially consecutive ply pulling down member
128.

Finger plates 121 are preferably made of elastically
bending material and are shaped so that, at rest, as a whole
they take on an open corolla-like configuration, that 1s, a
configuration expanded 1n a radial direction. When stressed
in the radial direction, finger plates 121 on the other hand
may take on, as a whole, a closed or radially contracted
configuration.

During the relative sliding of the ply pulling down device
120 with respect to the bead core positioning device 110,
finger plates 121 axially slide 1n the direction X 1n a position
radially internal with respect to the bead core positioning
members 118 (FIG. 2).

In the embodiment shown 1n the annexed figures, finger
plates 121 are kept 1n the radially contracted configuration
thereol by the bead core positioning members 118 of the
bead core positiomng device 110 when such device 1s
radially overlapped to finger plates 121 (FIG. 2). Finger
plates 121 on the other hand, take on the radially expanded
configuration when the finger plate pulling down device 120
1s axially moved with respect to the bead core positioning
device 110 1n the direction x and so that the latter 1s not
radially overlapped to finger plates 121.
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The shape and the position of finger plates 121 1s such that
they remain partially overlapped in the circumierential
direction when they are 1n the radially expanded configura-
tion thereof.

Apparatus 100 further comprises a device 130 for pulling
down the filling insert 12, mounted on the bead core
positioning device 110 (FIG. 2).

In the specific embodiment illustrated 1n FIG. 2, device
130 comprises a plurality of filling insert pulling down
members 138 each provided with a respective roller 131
(only one whereot 1s 1llustrated). Roller 131 1s mounted on
the top surface of the thrust member 112 of each bead core
positioning member 118.

In this way, the radial movement of the bead core posi-
tioming members 118 causes a corresponding radial move-
ment of rollers 131, and thus the radial expansion/contrac-
tion of device 130. The atorementioned device 130 can thus
be used for pulling down the filling 1nsert 12 of the annular
anchoring structure 10 for diflerent radial dimensions of the
tyre to be manufactured.

Rollers 131 are arranged one next to the other mn a
circumierential direction coaxially with respect to axis X-X
of the forming support 50.

Each roller 1s elastically associated to the respective bead
core positioning member 118, as described in patent appli-

cation PCT/IB2007/003500 to the same Applicant. In par-

ticular, each roller 131 1s kept pressed, by a special com-
pression spring 132, against the radially outer surface of the
thrust member 112 of the respective bead core positioning,
member 118.

The pulling down of the filling insert 12 on the end edge
2a of the carcass ply 2 takes place as a consequence of the
rolling of rollers 131 on the radially outer surface of the
radially outer annular portion of the respective bead core
positioning member 118 and on the side surface 12a of the
filling insert 12 of the annular anchoring structure 10,
starting from a radially mner annular portion of such side
surface 12a to continue on a portion of the side surface 12qa
radially outermost with respect to the alorementioned radi-
ally inner annular portion.

Apparatus 100 further comprises a device 140 suitable for
turning up the end edge 2a of the carcass ply about the
annular anchoring structure 10 1n order to form a turned up
end portion of the carcass ply 2 comprising the annular
anchoring structure 10 therein. Hereinafter in the present
description, device 140 shall also be defined as “turning up
device”.

Device 140 1s slidable parallel to axis X-X with respect to
the bead core positioning device 110 and to the ply pulling
down device 120 1n the two opposite ways of the direction
indicated by arrow H in FIGS. 1 and 5.

As shown 1n FIG. 1, device 140 comprises an annular
clement 145 mounted, by respective runners 146, to the
sliding tracks 103a and by respective lead nuts 147 to the
longitudinal screws 105. Lead nuts 147, once actuated 1n
rotation, allow the sliding of the annular element 145 along
direction x parallel to the axis X-X of the forming support
50.

If longitudinal guides parallel to longitudinal screws 105
are provided 1n place of tracks 103a, 1035 and of runners
116, 126 for the axial sliding of the bead core positioning
device 110 and of the device 120 for pulling down the end
edge 2a of the carcass ply 2, the annular element 145 1is
slidingly coupled to the above longitudinal guides by respec-
tive sliding bushes.
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The annular element 145 1s arranged 1n an axially external
position to the annular element 123 of device 120 for pulling
down the end edge of the carcass ply with respect to the
forming support 50.

A plurality of turning up members 148 are mounted on the
annular element 145 (one of these 1s shown 1n detail 1n FIG.
5), the turning up members 148 being arranged adjacent to
cach other in a circumierential direction and coaxially to
axis X-X of the forming support 50.

The number of turming up members 148 1s equal to that of
the positioning members 118.

Each turning up member 148 comprises a respective roller
141 supported by a respective arm 142. The rollers are
arranged adjacent to one another along a circumierential
direction and coaxially to axis X-X of the forming support
50.

As shown 1n FIG. 6, each roller 141 1s associated to the
circumierentially consecutive roller 141 by the interposition
ol a respective compression spring 143.

Arms 142 are axially and radially movable in a synchro-
nous manner with respect to the forming support 30 along a
path that reproduces the profile of the annular anchoring
structure 10 when the filling mnsert 12 1s pull down on the
carcass ply 2. The synchronised radial movement of arms
142 causes the synchronised radial movement of the turning
up members 148 and thus, the radial expansion/contraction
of the turning up device 140.

The radial expansion of device 140, along with the axial
movement of the alorementioned device along the direction
X, allows turning up the end edge 2a of the carcass ply 2
about the annular anchoring structure 10, as 1s described for
example 1n patent application WO2008/0011354 to the same
Applicant.

The synchronous radial movement of the arms 142 of the
turning up device 140 with respect to the axis X-X of the
forming support 50, and thus 1n the two opposite ways of the
direction indicated in FIGS. 1 and 2 by arrow “R”, further
allows setting up the turning up device 140 to a plurality of
different operating configurations according to the radial
dimension of the tyre to be manufactured, each of such
configurations being defined by a corresponding operating
radial position of the arms 142 of the turning up members
148.

The radial movement of arms 112a of the bead core
positioning members 118 takes place synchronously to that
of arms 142 of the turning up members 148. Such movement
1s obtained by respective control devices 200, 300 totally
similar.

Below 1s a detailed description of the control device 200
of the radial movement of arms 112a of the bead core
positioning members 118, referring to FIGS. 2 and 7. The
control device 300 of the radial movement of arms 142 of
the turning up members 148 1s totally similar to device 200
and 1ts components are i1dentified mn FIGS. 3 and 7 with
reference numbers corresponding to those related to device
200 and increased by 100. The reference numbers of the
components of device 300 are shown hereinafter, and 1n
FIG. 7, in brackets next to the reference numbers of the
components of device 200.

Device 200 (300) comprises a bracket 201 (301) attached
to the axially outer face of the annular element 1135 (145) and
intended for supporting a motor reduction unit 202 (302).

A pulley 203 (303) i1s further mounted on bracket 201
(301), 1n axis with the motor reduction unit 202 (302). Motor
reduction unit 202 (302) controls the rotation of pulley 203
(303) which, through a belt 204 (304), imparts a rotation to

an annular member 2035 (305) mounted on the axially outer
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face of the annular element 1135 (145). A spiral guide 206
(306) shaped according to an Archimedes spiral 1s formed on
the axially inner face of the annular member 205 (305) (FIG.
7).

Arm 112a (142) of each member 118 (148) 1s slidingly
associated to guide 206 (306) by a respective pin 207 (307).

It should be noted that for clarity reasons, only one arm 112a
(142) 1s shown 1n FIG. 7. Arm 112a (142) of each member

118 (148) 1s further rigidly connected to a guide 208 (308)

which 1s shidingly associated to a respective runner 209
(309) mounted on the annular element 115 (145) and
arranged according to a radial direction. The rotation of the
annular member 205 (305) by a predetermined angle along
the circumierential direction indicated with T i FIG. 7

therefore causes a corresponding shifting of each arm 1124
(142) along the radial direction indicated with R (R") 1n FIG.

7. The synchronous and centred movement of the bead core
positioning members 118 and of the turning up members
148, and thus the radial expansion/contraction of the bead
core positioning device 110 and of the turning up device
140, are thus obtained.

In the light of the fact that, as said above, each ply pulling
down member 128 and each member 138 for pulling down
the filling msert 12 1s constrained, 1n the radial direction, to
a respective bead core positioning member 118, the radial
movement of the ply pulling down members 128 and of the
members 138 for pulling down the filling mnsert 12 takes
place integrally to the radial movement of the bead core
positioning member 118.

From the above description 1t 1s clear that the possibility
of the bead core positioning device 110, of the ply pulling
down device 120, of the filling msert pulling down device
130 and of the turning up device 140, of radially expanding/
contracting with respect to the forming support 50 allows the
use of apparatus 100 of the present invention for manufac-
turing a plurality of tyres having different radial dimension,
in particular tyres with at least four different and adjacent
fittings.

The 1nvention claimed 1s:

1. A process for manufacturing a lot of tyres for vehicle
wheels, the lot having at least two tyres of diflerent radial
dimensions, each tyre comprising a respective carcass struc-
ture formed starting from a respective carcass ply laid on a
respective forming support, comprising;:

selecting a first operating radial position based on a radial

dimension of a first tyre of the lot to be manufactured;
setting a positioning device to the first operating radial
position by radially expanding/contracting in a syn-
chronous manner a plurality of components with
respect to a longitudinal axis of a first forming support,
the positioning device bemng circumierentially
extended around the longitudinal axis of the first form-
ing support and axially movable with respect to the first
forming support between an operating position distal
from the first forming support and an operating position
close to the first forming support,
wherein the positioning device 1s capable of positioning
a first annular anchoring structure on an edge at an
axial end of a first carcass ply laid on said first
forming support;
setting a turning up device to the first operating radial
position by radially expanding/contracting a plurality
of components in a synchronous manner with respect to
the longitudinal axis of the first forming support, the
turning device being circumierentially extended around
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the longitudinal axis of the first forming support and
axially movable for approaching/moving away to/from
the first forming drum,
wherein the turning up device 1s capable of turning up
the edge at the axial end of said first carcass ply
around the first annular anchoring structure,
wherein the turning up device 1s configured to move
axially with respect to the positioning device during
turning up of the edge of the first carcass ply around
the first annular anchoring structure,
wherein the turning up device comprises a plurality of
turning up members arranged adjacent to one another
along a circumierential direction of the first forming
support and coaxially with the longitudinal axis of
the first forming support, said turning up members
being radially movable in a synchronous manner
with respect to the longitudinal axis of the first
forming support between a maximum contraction
position and a maximum expansion position,
wherein each turning up member comprises a roller
associated with a free end of a respective arm, each
roller being coupled to a circumierentially consecu-
tive roller by a compression spring;
positioning said first annular anchoring structure on the
edge at the axial end of said first carcass ply by axially
moving said positioning device toward said first form-
ing support;
turning up the edge at the axial end of said first carcass ply
around said first annular anchoring structure by axially
and radially moving said turning up device with respect
to said first forming support,
wherein the radial movement of said plurality of turn-
ing up members 1s controlled by a control device
comprising a sliding guide with a spiral shape and
having a rotation around the longitudinal axis of the
first forming support which can be controlled, and a
plurality of sliding runners extending radially with
respect to said longitudinal axis, each of said turning
up members being slidingly coupled to a respective
one of the sliding runners and to said sliding guide
with the spiral shape so that a predetermined angular
movement of the sliding guide with the spiral shape
causes a predetermined radial movement of each
turning up member;
pulling down the edge at the axial end of the first carcass
ply toward the longitudinal axis of the first forming
support,
wherein said pulling down 1s carried out by a pulling
down device, which 1s distinct from said turning up
device, wherein a portion of the positioning device
extends through an arm of the pulling down device,
and wherein said pulling down device 1s positioned
radially outward of said turning up device,
wherein the pulling down device comprises a pulling
down member slidably associated with a shiding
guide extending parallel to the axis of the first
forming support, the pulling down member being
slidable along the axis of the first forming support
with respect to the positioning device,
wherein the pulling down member 1s mounted on an
annular element and radially movable with respect to
the longitudinal axis of the first forming support,
replacing the first forming support with a second forming
support whereon a second carcass ply 1s laid thereon;
selecting a second operating radial position based on a
radial dimension of a second tyre of the lot to be
manufactured;
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setting the positioning device to the second operating
radial position, the positioming device being circumier-
entially extended around a longitudinal axis of the
second forming support;

setting the turning up device to the second operating
radial position, the turning device being circumieren-
tially extended around the longitudinal axis of the
second forming support;

positioning a second annular anchoring structure on an
edge at an axial end of said second carcass ply by
axially moving said positioming device toward said
second forming support; and

turning up the edge at the axial end of the second carcass
ply around the second annular anchoring structure by
axially and radially moving said turning up device with
respect to said second forming support.

2. The process according to claim 1, wherein setting the
positioning device to the second operating radial position
comprises radially expanding/contracting said plurality of
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components of the positioning device in a synchronous
manner with respect to the longitudinal axis of the second
forming support.

3. The process according to claim 2, wherein the posi-
tioning device comprises a plurality of sliding guides with a
spiral shape and having a rotation around the longitudinal
axis of the first forming support which can be controlled, and
a plurality of positioning members, each of said positioning
members being slidingly coupled to a respective one of the
sliding guides with the spiral shape of the positioning
device, so that a predetermined angular movement of each
sliding guide with the spiral shape of the positioning device
causes a predetermined radial movement of each positioning
member.

4. The process according to claim 1, wherein setting the
turning up device to said respective operating radial position
comprises radially expanding/contracting said plurality of
components of the turning up device i a synchronous
manner with respect to the longitudinal axis of the second
forming support.
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